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ABSTRACT 
 
This research had the objective of evaluating the influence of the natural ventilation on the surface 
temperature distribution of heated crates. The research used six crates from a farrowing room in a 
commercial swine production farm located in the state of São Paulo, Brazil. Three crates were heated 
using a heat mat while the other three had the environment heated by incandescent light bulbs (200W) 
fixed on the lateral wall. The surface temperature of the crate’s floor (1.55x0.55m) was registered in 36 
points, distributed in 18 quadrants (0.26x0.18m) using an infrared thermometer in three different 
conditions of the room’s natural ventilation: opened, semi-opened, and closed lateral curtain. The 
isotherms and the temperature distribution of the floor heat were processed using the SURFER
®
 (1995), 
and the statistical analysis was done using the MINITAB
®
 (Statistical…, 2002). It was found that the 
room’s natural ventilation had a significant influence on crate floor surface temperature distribution. The 
crate with a heat mat system provided higher temperatures and led to a more homogeneous surface 
temperature distribution. 
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RESUMO 
 
O objetivo deste trabalho foi avaliar a influência da ventilação natural sobre a distribuição da 
temperatura na superfície de pisos aquecidos em escamoteadores. Foram avaliados seis escamoteadores 
da maternidade de uma granja de suínos localizada no estado de São Paulo. Dentre os escamoteadores 
avaliados, três deles usavam piso aquecido para o acondicionamento dos leitões, e os outros usavam 
lâmpadas incandescentes (200W), fixadas na parede lateral do interior do escamoteador. A temperatura 
da superfície do piso (1,55x0,55m) foi registrada medindo-se 36 pontos distribuídos em 18 quadrantes 
(0,26x0,18m), por meio de um termômetro infravermelho, em três diferentes condições de ventilação 
natural: com cortina lateral aberta, semiaberta e totalmente fechada. As isotermas e a distribuição da 
temperatura sobre o piso aquecido foram processadas usando-se o software SURFER
®
. Verificou-se que 
a ventilação natural teve efeito sobre a distribuição da temperatura da superfície do piso dos 
escamoteadores. O escamoteador aquecido com manta térmica forneceu temperaturas mais altas e 
distribuição mais homogênea na superfície de contato com os leitões. 
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INTRODUCTION 
 
High piglet mortality is still a problem in the 
swine industry, and most of this mortality occurs 
within the first two days after farrowing 
                                                          
Recebido em 1 de setembro de 2011 
Aceito em 28 de agosto de 2012 
E-mail: angelica@utfpr.edu.br 
(Andersen et al., 2005). Around 50-80% of these 
early losses are normally attributed to starvation 
and crushing by the sow (Marchant et al., 2001), 
but hypothermia might often predispose piglets 
to starvation and crushing (Edwards, 2002).  
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Heat loss is especially critical for piglets directly 
after birth, as their thermoregulatory capacity is 
poorly developed compared to other newborn 
mammals which are born with fur and brown 
adipose tissue. When the temperature drops 
below the piglets’ thermoneutral zone (34–
36°C), piglets try to increase their heat 
production by means of energetically demanding 
muscular shivering thermogenesis (Berthon et 
al., 1994), and they try to reduce their heat loss 
by social and individual thermoregulation 
(Vasdal et al., 2009). Because room temperature 
in the farrowing unit is normally kept within the 
sows’ thermal comfort zone, at around 20°C 
(Svendsen and Svendsen, 1997), it is necessary 
to provide external heat sources and some sort of 
insulating flooring in the creep area to avoid 
hypothermic piglets. 
  
Heat mats can be built with either solid material 
or flexible boards, embedded with heating 
equipment. The heat mat’s heating process is 
accomplished by embedded electrical heating 
equipment or hot water circulation. A common 
commercial heat mat used in Brazil measures 
0.3m x 1.2m, depending on crate size, 
consuming around 60 to 125 W/h of energy, 
indicating a lower consumption than that of light 
bulbs (175 to 250 W/h). Xin e Zhang (1999) 
compared the preference of piglets for light bulbs 
or heat mats in different environment conditions, 
concluding that they generally prefer heat mats. 
 
Ventilation is one of the environmental variables 
that most influence thermal environments 
(besides humidity and temperature), hygiene 
(gas, odors and oxygen renewal) and confined 
animal’s physiological response. In terms  
of natural ventilation management by using 
curtains, autumn and spring are the most 
changeling periods of the year, since they 
presents frequent changes in environmental 
temperature, air velocity and relative humidity 
(Knízková et al., 2002).  
 
The internal environment of farrowing sow 
housing usually demonstrates a conflict of 
thermal requirements for the confined animals 
(sows and piglets) which are very distinct. 
Literature regarding forced ventilation systems in 
farrowing housing is quite complete and detailed 
both in theoretical and practical areas (Zhang et 
al., 1999; Lee and Phillips, 1998; Zhang et al., 
2001; Wagenberg et al., 2004). However, for 
natural ventilation systems the literature is vague 
and poorly defined. This research had the 
objective of evaluating the influence of natural 
ventilation in surface heat distribution in piglet 
crates using two distinct heat sources. 
 
MATERIAL AND METHODS 
 
This study was done in a farrowing room at a 
commercial swine farm, located in São Paulo 
State, Southern Brazil, in April 2008. Data was 
recorded during five consecutive days from 8:00 
AM to 12:00 PM. The six crates used for the 
experiment had heat provided by three 
Technisul® heat mat surfaces, and three 200W 
light bulbs. The crates were in rooms with three 
distinct conditions: farrowing room with lateral 
dominant heat curtain totally opened (A), semi-
opened (AF), and completely closed (F). The 
crates’ floor temperature measurement was done 
manually with an Ômega® infrared thermometer 
20min after turning on the surface heating, and 
45 min after the curtain positioning for each 
studied condition (Figure 1). In total, the surface 
temperature (1.55x0.55m) was registered in 36 
points distributed in 18 quadrants (0.26x0.18m) 
for each specific condition (Figure 2). The  
data evaluated was submitted the Covariance 
Analysis and the Tukey Test with Minitab 14
® 
(Statistical…, 2002). Temperature distribution 
and isotherms were processed using the software 
Surfer
®
 (1995). 
 
RESULTS AND DISCUSSION 
 
Only on April 30th were the surface 
temperatures higher for the curtain condition (F) 
than for (A) and (AF), conditions (Figure 3). 
During the other days the surface temperature 
remained higher for condition (A) than for 
conditions (AF) and (F). This was due to  
the influence of the external environment 
temperature during the trial, which was 30ºC on 
14
th
 April, 31.5 ºC on 15
th
 April, 26ºC on 26
th
 
April and 21ºC on 30
th
 April. This fact indicates 
that the ventilation management in the farrowing 
room affects the environment of the piglets 
inside the crates and agrees with Vasdal et al. 
(2009). 
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Figure 1. Surface temperature recording with infrared thermometer in the farrowing room. 
 
 
 
Figure 2. Representation of the surface points where temperature was recorded in the farrowing room. 
 
  
Figure 3. Different curtain conditions on the average surface temperature (AST) during the experiment in 
the farrowing room. 
A
ST
 (
°C
) 
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In colder days there was heat loss between the 
floor’s surfaces and the air (Figure 4). During 
hotter days, on the other hand, the opposite 
occurred with an increase of surface temperature 
due to warmer circulating air. This result is in 
accordance with Zhang et al. (2001) who states 
that natural convection due to heat changes 
interferes in the temperature variation inside 
piglet crates affecting the environmental 
temperature in this location. This analysis 
suggested further thermal variation studies for 
different curtain positions and type of heating 
regarding the temperature during the day and 
natural ventilation. Next an evaluation of the data 
recorded in days with extreme temperatures was 
done. 
 
For the coldest day, there was significant 
interaction between type of heating and curtain 
position (P-value<0.05). Figure 4 shows this 
interaction on surface temperature for the coldest 
day (April 30th), and the floor surface with a 
heat mat remained more stable than the light bulb 
heated surface. This can be seen on the results of 
the Tukey test in Table 1, which shows that there 
was no significant difference on the average of 
the heat mats’ surface temperature with any 
curtain position. The same condition did not 
happen with the light bulb heated surfaces, which 
showed a significant difference between curtain 
positions completely closed (F) and totally 
opened (A), and also semi-opened (AF) and 
totally opened (A). 
 
 
 
 
Figure 4. Interaction between different curtain positions and type of heating (L = light bulb and P = heat 
mat), during the coldest day, with the average surface temperature (AST). 
 
Table 1. Surface temperature averages according 
the interaction of the control of natural 
ventilation by curtain position with types of 
heating 
Control of natural 
ventilation 
Surface temperature  
averages (°C) 
PF 25.37a 
PAF 25.25a 
PA 25.12a 
LF 24.37b 
LAF 24.28b 
LA 23.52c 
Means within a column with no common letter differ 
by the Tukey test (n=108). 
 
For the coldest day, there was significant 
interaction between type of heating and curtain 
position factors (P-value<0.05). In Figure 5, 
which shows this interaction with surface 
temperature during the hottest day (April 15th) a 
similarity between both types of heating could be 
observed. This can be seen in the results on 
Table 2, which shows a significant difference in 
the average of the heat mats’ surface temperature 
with curtain position (A) and (F), and (A) and 
(AF). There were smaller surface temperature 
average differences for light bulb heated 
surfaces, and they only occurred with curtain 
positions (F) and (A). 
 
A
ST
 (
°C
) 
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The crate floor with a heat mat presented less 
heat loss to the environment when there was 
natural ventilation, when compared to the light 
bulb crate heating system during the coldest day. 
However, when the temperature is high during 
the day, the heat mat showed greater heat loss to 
the environment in terms of natural ventilation. 
This fact should not be considered a waste of 
energy because on hot days heating systems are 
not needed. Wagenberg et al. (2004) proved that 
it is possible to include boundary conditions 
obtained from conditions with live piglets and 
regarding the crate door ventilation system, the 
study confirmed that air distribution is 
inhomogeneous especially at high ventilation 
rates. This result can also be explained by the 
two distinct forms of heat transfer for both 
heating systems: the light bulbs provide heat 
through convection and radiation; the heat mats 
do so mainly through conduction. Similar results 
in heat loss in piglets crates were found by 
Houszka (2002) when comparing construction 
materials for crates. 
 
The median test was used to evaluate the 
homogeneity of surface heat temperatures in both 
heating systems. This test considerably simplifies 
the information by verifying if an observation is 
under or above the general median. The 
confidence interval for homogeneity in terms of 
significance of 95% is -1.96<Z<1.96, which 
means that the quadrants with values between 
these intervals are significant and the surface 
temperature median on the quadrants exceed the 
inferior or superior homogeneity (Z=-1.96). 
 
 
 
 
Figure 5. Curtain positions and type of heating (L = light bulb and P = heat mat), during the warmest day, 
with the average surface temperature (AST). 
 
Table 2. Surface temperature averages, according 
the interaction of curtain position with types of 
heating 
Control of natural  
ventilation 
Surface 
Temperature  
Averages (°C) 
PA 28.43a 
PAF 27.50b 
PF 26.84cb 
LA 27.29cb 
LAF 26.56cd 
LF 25.94d 
Means within a column with no common letter differ 
by the Tukey test (n=108) 
 
The heat mat test resulted in 11 divergent points 
and the light bulb test resulted in 19 
discrepancies, meaning that both heating systems 
were heterogeneous. In order to verify if there 
was a significant difference in the heterogeneity 
magnitude between both systems, the test was 
taken with different proportions and there was no 
significant heterogeneity in the distribution of 
surface temperature between the two heating 
systems, meaning that both were equally 
heterogeneous. The light bulb heating system 
presents a greater stratification on the surface 
temperature distribution, as seen on Figure 6 
since heating was supplied from only one spot 
(boundary) where the area remains warmer. As 
for the heat mat, Figure 5 shows a surface 
A
ST
 (
°C
) 
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Piglet’s access door  Piglet’s access door 
 
 
Piglet’s access door  Piglet’s access door 
 
temperature difference in certain points, which 
represent the presence of urine and/or feces 
(occurrence of latent heat loss) on the area next 
to the piglet’s access opening. Similar results 
were obtained by Zhang et al. (1999), Zhang and 
Xin (2001) and Pandorfi (2002) where the same 
temperature profile was obtained when 
comparing light bulb heating (more stratified 
profile) with heat mats (more homogeneous 
profile). This stratification profile can be seen in 
Figure 7. 
 
Figure 7a shows that the surface temperature of 
the light bulb heating varies throughout the floor 
surface, since one small area beneath the light 
bulb remains heated, while the heat decreases as 
the distance between the surface and light bulb 
gets bigger. As for the heat mats (Figure 7b) it is 
shown that the surface temperature also varies 
according to distance, not because of the location 
of the heat supply but due to the wind that enters 
through the piglet’s access door.  
 
  
 (a) (b) 
 
 
 
 
 
Figure 6. Isothermic representation of the light bulb heating system (a) and representation of the isotherm 
of the heat mat heating system (b). 
 
 
 
 
 
 
 (a) (b) 
Figure 7. Surface temperature variation as a result of the distance to the incandecent light bulb (a) and 
heat mat (b). 
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However, it is observed that higher temperatures 
were provided by the heat mat system. This 
control of the surface temperature is very 
important and Vasdal et al. (2010) showed that 
piglets have a preference for high infrared 
temperatures when different types of heating 
mats were tested. 
 
 
CONCLUSIONS 
 
Natural ventilation affected the surface 
temperature of piglet crates heated both by heat 
mats and by light bulbs. The magnitude of this 
effect is influenced not only by the external 
temperature but also by natural ventilation due to 
the adopted curtain position. The crate with a 
heat mat system provided higher temperatures 
and led to a more homogeneous surface 
temperature distribution, which provides a  
more desirable crate environmental condition 
regardless of the curtain position. Since the crate 
heating systems in the farrowing room were 
highly affected by natural ventilation due to 
different curtain positions, an accurate control of 
natural ventilation based on the adopted crate 
heating system is needed in order to provide the 
piglets with a more balanced environment.  
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